One of the most effective approaches to the study of the mechanism of phototropic perception is by means of the action spectrum. In the case of the phototropism of Phycomyces sporangiophores in visible light, the action spectrum has been studied by Blaauw,2 Castle,8 Wiechulla,'5 and Btinning,6 and an analysis of Wiechulla's results was published by Buder.A These investigators obtained singlepeaked action spectra with a maximum phototropic effectiveness in the blue region, which, according to Wiechulla, is also the most effective region in promoting straight growth. Working with Pilobolus, a genus related to Phycomyces, Bunning found two maxima of phototropic effectiveness in the blue for sporangiophores with subsporangial vesicles,4 and only one maximum for those without these vesicles. 6 However, the results obtained by these earlier workers are not sufficient to clarify the details of the action spectra because filters with broad transmission bands were used. Furthermore, calculations of the energy relationships were insufficiently precise.
Recently Curry and Gruen'0 described the negative phototropism and growth promotion of Phycomyces sporangiophores in the ultraviolet, and gave preliminary data for the curvature response at several wave lengths. The response to a few wave lengths in the visible range was also included. The following report will present the details of the action spectra for phototropic curvature of this fungus in visible and in ultraviolet light.
Materials and Methods.-In these experiments the plants were exposed to continuous light of graded intensities, the method used being a balancing system, whereby the plant is used as a photometer. It is essentially the same method as that first used by MassartH for Phycomyces and was selected because it is very suitable for use with continuous exposures. The plants were three-or four-day old cultures of Phycomyces blakesleeanus (G-5, + strain) grown on potato-dextrose agar in 10 or 25 ml beakers exposed to an overhead red-fluorescent lamp wrapped with several layers of red cellophane. This lamp caused no observable lightgrowth reactions when sporangiophores were exposed to it after adaptation in total darkness for periods of thirty minutes or longer. It was assumed, therefore, that plants grown under this lamp were completely "dark-adapted." For the balancing experiments the beakers were placed at intervals on a 2 meter long plank. One end of this plank was fixed beneath the exit lens of a Bausch and Lomb grating monochromator with quartz optics (dispersion: 3.3 mis/mm) and the other end beneath a 6-volt lamp mounted in a cylinder with two 4-mm Corning filters (No. 5031 and No. 4303) over the aperture. The latter constituted the "standard" blue light (spectral center ca. 460 mu) against which the various monochromatic wave lengths were balanced. The monochromator source was either a GE H85C3 mercury lamp or a GE ribbon-filament tungsten lamp.
Cultures were exposed simultaneously to the two oppositely directed light beams, impinging on the sporangiophores at an angle' slightly above the horizontal. After one or two hours of continuous exposure the plants were examined; usually, a single culture could be found in which sporangiophores were bent in both directions. On either side of this culture were beakers with sporangiophores bent predominantly (90-100%) either toward the monochromator or toward the standard blue light.
In cases where the balance point was not clear, the cultures were rotated 900 and the balance redetermined. Finally, a few cultures were placed close together near the balance point and a final balance position obtained in the next hour or so of exposure. This procedure was repeated for a series of wave-length settings of the monochromator throughout the visible and near ultraviolet spectrum.
When using the mercury lamp, the relative quantum intensities of the monochromator output (QM),) and the standard blue light (Qe) at balance were obtained using a photocell whose spectral sensitivity had been determined by calibration with an Eppley thermopile. The absolute intensities at the middle of the plank were less than 5 ergs/cm2 sec. The ratio of the relative quantum intensities at balance (QB/QmX,) was taken as a measure of the relative effectiveness of each spectral region. At 436 m~t the relative effectiveness value was arbitrarily set at 1.00 to facilitate the comparison of the data obtained from experiments with the mercury and tungsten lamps.
In a long series of experiments with the tungsten lamp the relative effectiveness values were determined by a somewhat different procedure, mostly because the absolute monochromatic intensities at the middle of the plank were very much lower in this case (<0.5 ergs/cm2 sec). First, the monochromator was set for transmission of 530 miu and the intensity was measured as a function of the distance from the monochromator exit, using an amplified photomultiplier as a detector. Next the intensity of the standard blue light as a function of distance along the plank was measured by the same method. Finally, the relative energy output at each monochromatic wave length was determined by taking readings from the thermopile connected to a Kin-Tel D.C. amplifier, the thermopile being at a fixed distance from the monochromator exit lens. Putting these three series of observations together permitted the calculation of the relative quantum intensity ratios (QB! QMX) as a function of position on the plank and wave length of the monochromatic light. Then for each balance point the relative effectiveness values were found by reference to these data, again setting 436 mrA at 1.00. Since this method depended on a single series of energy determinations, it was subject to errors due to fluctuations in the light sources over long periods of time. However, the particular balance points were quite repeatable, indicating that the light sources were stable and the plants unchanging in their spectral sensitivity from one day to another.
Results.-In practice it was found that balance points could easily be obtained within 42.5 cm. The positions were remarkably consistent considering the relative simplicity of the method. In fact, the same positions were found whether the plants were completely or incompletely dark-adapted beforehand. Phycomyces sporangiophores seem to be excellent "plant photometers" in Johnston's sense."3 The direct results of the experiments with the tungsten lamp are tabulated below (Table 1) . The data on balance positions lead directly to a rough action spectrum, even without reference to the intensity measurements. With a tungsten source the output of the monochromator with fixed slit widths increases steadily as the wave length is changed from 350 to 550 mAu the curve being very similar to the usual tungsten emission curve. With this in mind it may be noted that the balance position shifts more or less steadily away from the monochromator as the wave length is increased. Beyond 480 my, however, even though the intensity at each wave length is still increasing, the balance positions now shift back toward the monochromator. Clearly, a maximum effectiveness is indicated in the region between 430 and 480 mwt. The fact that the balance positions do not change as 2.00 l * SINGLE DETN. Figure I to give the -action spectrum. This spectrum shows a maximum of effectiveness at 445 mA,, a shoulder at 470 m~u, and a secondary maximum near 370 m~i. The fall-off on the long wave length' side is quite 'abrupt, activity being negligible above 525 MIA.
On the short wave-length side, light throughout the near ultraviolet range continues to be phototropically effective.
An attempt was made to see how the spectral sensitivity of the Light Growth Reaction (growth acceleration following symmetrical illumination) compared to this action spectrum for phototropism. Modifying the methods used by Delbruck and Reichardt,1' measurements were first attempted on individual sporangiophores, but the variability was so large that one could only conclude that blue light is most effective. Subsequently, an arrangement was made whereby a whole culture could be shadowgraphed at three time intervals, using inactive red light. The culture was placed in a lucite box covered on top by a diffusing plate. The monochromator output was directed on to the surface of this plate so that the plants could be given a diffuse stimulus from above. After a 20 to 30 minute period of adaptation , .
to the red working light, the first shadow- tion of the length of exposure to condose, as described by Delbruck and Reichardt.'1 stant low intensity light of 400 my. Unfortunately, however, small changes in dose Each point is the mean of 20 observations. The vertical bars indicate ± lead to very small absolute changes in the ra-twice the standard error of the mean. tios measured; hence, small changes in spectral effectiveness could easily be missed. The comparison of results at different wave lengths is further obscured by variations presumably produced by small changes in temperature, lighting, or in the age of the cultures. Although not permitting the construction of a detailed action spectrum, the results of these studies indicated a broad maximum of effectiveness, possibly two-peaked, in the region between 430 and 490 mg. The fall-off on the long wave-length side is abrupt, the relative effectiveness of 520 m;L being less than 2 per cent that of 460 my. The fall-off on the short wave-length side is much less abrupt, and 365 mji remains relatively effective. All in all, then, the action spectrum for the Light Growth Reaction is very similar to that for phototropism, and as has already been suggested'8 they may well be identical.
The spectral sensitivity of the negative curvatures caused by exposure to ultraviolet light of wave lengths shorter than 312 m~z1°was also investigated using the balancing method. In this case a small germicidal lamp (Westinghouse Sterilamp, WL-793, 4 watts) shining through a Corning 9863 filter was used instead of the "standard blue" light; i.e., the filtered sterilamp was the "standard UV" source, its output being almost exclusively light of wave length 254 mjA. The same 2-meter plank was used and light intensities measured with a calibrated photocell (GE 8PV1,DAB, high UV sensitive). The opposing source was the monochromator with the H85C3 mercury lamp. In these experiments balances could be found much more rapidly than in the work with visible light because the rate of curving in ultraviolet is faster, as noted previously. are shown as an action spectrum in Figure 3 . This spectrum is not as detailed as that in the visible because fewer useful wave lengths are available from the monochromator in the UV region, and the intensity measurements are not as precise. Figs. 1 and   3 ). Therefore, it seems reasonable to interpret the "null point" of curvature response near 312 mM& as a point where Light Growth Reactions in the front and back sides of the sporangiophore are balanced.',7
Discussion.-In the blue spectral region the action spectrum is remarkably similar to the absorption spectrum of carotenoid pigments known to be present in Phycomyces,5 12 although the secondary maximum near 370 m/A is not characteristic of these carotenoids. The absorption spectrum of riboflavin does not show two peaks in the blue region and has a much higher peak near 365 mIA; hence the action spectrum does not support the idea, suggested by Reinert"' and by Carlile7, that riboflavin is the photoreceptor. It is interesting to point out that the visible action spectrum for Phycomyce8 is almost identical with that of Avena coleoptiles as determined by Shropshire The evidence strongly suggests that the Light Growth Reaction and phototropism in Phycomyces are initiated by the same light reaction.2 However, the evidence is insufficient at the moment to establish the relationship between the ultraviolet and visible light mechanisms.
Summary.-The action spectra for phototropism of Phycomyces were obtained by using the curvature of the sporangiophores to balance a standard blue or ultraviolet light against narrow band emission from a monochromator. In the visible (positive curvature) the spectrum shows a main peak at 445 mgi with a shoulder at 470 mMA and a secondary peak at 370 mwA. In the ultraviolet (negative curvature) there is a single peak near 280 m1A. In The problem of accounting for the decreasing equivalent conductance of electrolytic solutions with increasing concentration has engaged the attention of physical chemists for almost a century. A partial solution of this problem was provided by the theory of Onsager.1 While this theory shed much light on some phases of the conductance problem, it has failed to reproduce observed conductance values quantitatively even at rather low concentrations. The reason for this lies in the fact that, in the development of the theory, the ions were treated as point charges. Moreover, terms of order higher than C112 were not evaluated.
In a recent paper, Fuoss and Onsager2, 3 have obtained a solution for the relaxation and electrophoretic terms for charged spheres and they have evaluated significant terms of order higher than C'12. Their conductance equation may be written: A = Ao-SC'I'+ JC + EC log C The form of this equation confirms Onsager's earlier theoretical predictions" 4 and Shedlovsky and Brown's5 experimental results. The coefficient, S, of the C"'2 term is the limiting Onsager slope. The coefficients J and E involve the absolute temperature, the dielectric constant and viscosity of the solvent medium and the number of unit changes on each ion. In addition, they involve the parameter, AO, the limiting conductance, and J involves the parameter a, the distance of closest approach of the centers of ions in contact.
Fuoss and Onsager' have shown that their equation reproduces observed conductances for unassociated 1-1 electrolytes in water within the limit of experimental
